Abstract-Robot is a complex system consisting of multiple joints and connecting rods with complex coupling relationship between multiple inputs and multiple outputs, making it very difficult to establish the dynamic model of the robot. In order to realize the real-time control of the robot and improve the control precision, it is not enough to simply carry out dynamic simulation on the basis of ADAMS software. It is necessary to analyze the relationship between the driving force and torque of the system and the motion information from the robot mechanism. Based on the finite element theory, a simple and efficient modeling method of robot dynamics is presented in this paper. It has universal applicability for various complex robot systems, which can provide a theoretical basis for the high accuracy and real-time control of robot.
INTRODUCTION
Robot is a complex system consisting of multiple joints and connecting rods with complex coupling relationship between multiple inputs and multiple outputs. The research on robot dynamics is to realize real-time control, then achieve the optimal control, the feedforward compensation and the improvement of the system performance. Therefore, it is very important to study the dynamics of the robot.
In order to accurately control the relative motion of each joint of the dexterous hand, only through the angular displacement information acquiring from the position sensors mounted on the joint is insufficient. Therefore, it is necessary to simplify the mechanical structure, analyze the degree of freedom of the manipulator system, and establish the dynamic model of the single finger movement. Then the relationship between the angular displacement, angular velocity and angular acceleration of the joint of the finger could be analyzed by means of mathematical analysis. Based on the kinematic analysis, the angular information of joint space is mapped to the end effector in Cartesian space, utilized as the theoretical basis of the motion control algorithm. Therefore the control precision of the robot could be improved.
II. RESEARCH STATUS OF MECHANISM DYNAMIC ANALYSIS
Regarding each part of dexterous fingers as rigid body, single finger dynamics modeling problem is essentially a multi rigid body system dynamics. The commonly method for dynamics modeling of mechanical system are Newton Euler method, Lagrange method, Kaine Houston equation and Robertson Witten Berg method.
Newton Euler method and Lagrange equation method have good practicability for the simple system with less components and freedom. With the increase of the number of components in the system, the connection condition and the constraint equations are becoming complex, then the establishment and solution of the equations of motion will be very difficult. With modern computing technology oriented, RobertsonWittenberg method has a great breakthrough in the regularity of the equations of motion and the application of computer friendly aspects. But the equation derivation process and means of expression are still complicated, sometimes it is not easy to use. In recent years, the Houston Kaine method is widely used to describe the topological structure of the system, using vector and transform matrix to describe the motion relationship between each part of the body with the dyadic representation of inertia. Therefore, based on Kaine equation, the kinematic equation is formed. Using the Kaine method, the appropriate generalized rate (i.e., pseudo velocity) is applied to describe the independent variables of the system. But the Kaine method is just a common method, and has not given a general formula.
Since the birth of the finite element method, it has been widely used in the field of mechanical and civil engineering, and has become a powerful tool for the analysis of complex structures. However, the finite element method is not very common in the mechanism dynamics analysis. Because of the great difference between the rigid element and the structural analysis, the system cannot be used directly. In this paper, based on equivalent element integration theory and equivalent system, finite element method is applied to finite rigid component of dexterous robot hand complex mechanical system dynamic modeling.
III. DYNAMIC MODELING METHOD BASED ON FINITE ELEMENT THEORY
In the dynamic analysis of the dexterous hand based on the finite element method, the concept of equivalent element, equivalent system and equivalent force system are introduced. This equivalent is for the application of the finite element method on the assembly needed, and it is the equivalent of the dynamic and static characteristics of each member unit itself, thereby constituting the equivalent system. The purpose of the equivalent is to integrate, and not the traditional sense of the dynamic characteristics of the system to the equivalent of a certain component.
The mechanism consists of a number of components. Each component can be divided into one or several units. The movement of the unit depends on the unit's force and its own inertia. Two different units with different mass distribution may have the same inertia. In this regard, they will be named as the equivalent unit. The mass distribution between the equivalent units must meet certain conditions, so that the equivalent unit and the original unit inertia characteristics are the same.
Any one of the components of a quality uniform or not uniform can be equivalent to a lumped mass of component elements. The lumped mass dynamic model can be located at the centroid or ends of a member. See Figure 1 .
FIG. 1. COMPONENT ELEMENTAND AND EQUIVALENT ELEMENT
In engineering practice, the lumped mass unit is often used to replace the actual mass unit. In the dynamic analysis of multi rigid body system, the application of the equivalent lumped mass method in the element equivalent is special. In order to guarantee the equivalence between the equivalent lumped mass element and the original uniform or uneven mass element in the static and dynamic aspects, the inertia matrix of the unit should be guaranteed to be exactly the same as that of the original unit.
Using the principle of inertia equivalent, the equivalent element of concentrated mass distribution is obtained. The pseudo inertia matrix derived from the equivalent unit is exactly the same as the actual unit. However, lumped mass and inertia distribution bring great convenience for derivation of element motion equation and integrated assembly of system motion equations. For connecting rod mechanism, it is recommended that the mass concentration of the equivalent element at two ends of the rod is adopted, because the system is formed by the connection of the element node. 
The above constraints substituted into virtual displacement equilibrium equations
Substitute the constraints into virtual displacement equilibrium equations and obtain the equations of motion unit If the mechanism in the unit is considered as elastic unit with lumped inertia, from the unit to the system integration can fully use the finite element theory and methods, obtaining virtual displacement dynamic equilibrium equation of the system without the elastic stiffness. 
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For complex mechanical systems, the establishment of the two order conversion matrix between the transition coordinates and the generalized coordinates is not easy. Jacobi matrix is often complex, and it is difficult to complete a full expression. Therefore, multiple integration method can be used to integrate, which can be considered as the transition coordinates and generalized coordinates of the equivalent system which is composed by the equivalent unit. T T T  can be obtained. Therefore the complex conversion is decomposed into some simple intermediate conversion.
IV.
CASE STUDY Therefore, this paper will establish the physical model of the single finger structure based on the finite element method, and establish the spatial coordinate system in each rotating joint. According to the degree of freedom of the system, the possible displacement of the joints is indicated. See figure 2. , ,
, , 1  1  1  1  2  2  2  2  1 1  2 2   2 2  3 3  2 2  3 3  2 2  3 3   2  2  2  2  3  3  3  3  3 According to stress, freedom and the relationship between coordinate of the single finger joints in three dimensional space, the generalized coordinates and generalized forces of the system are determined and dynamic model of the single finger of the dexterous hand is established.
The single finger system has 4 degrees of freedom, therefore, the rotation angle of each joint is used as the generalized coordinates of the system. Generalized coordinate matrix q is as follows. 
In order to write simply, let 
